Frequency modulated continuous wave (FMCW) radar has been widely applied in many fields. Modulated waveform is usually designed to solve the coupling problem of range and velocity in multi-target situation. A FMCW-FSK combined waveform is proposed in this work, which takes the advantages of FMCW waveform and FSK waveform. Compared to the FMCW waveform and FSK waveform, this method can reduce the ghost targets and the missed targets furthest with minor error and less calculation cost.
INTRODUCTION
The design of the frequency-modulated waveform has an influence on the number of ghost targets and missed targets. Traditional FMCW radar transmits a multi-period symmetric triangular frequency-modulated wave. It has large data volume. To address this issue, a slope-changeable triangular frequency-modulated method was proposed in [2] . It only needs two or three periods of frequencymodulated wave and thus has low computational complexity. However, it would bring out some ghost targets and missed targets as well. A FMCW-CW combined waveform [3] was proposed to reduce the ghost targets while missed targets still exist easily. Another waveform is Frequency-shift keying (FSK) wave [4] . It provides a high velocity resolution and avoids ghost target but cannot distinguish fixed target or moving targets with same velocity.
A new waveform is proposed in this work. It can reduce ghost targets and missed targets simultaneously, while it has minor error and less calculation cost.
WAVEFORM DESIGN IN CW RADAR
For CW radar, the frequency and phase of echo signal are different from transmitted signal because of the range and velocity of the targets. The range and velocity can be calculated by the difference of frequency and phase.
PRINCIPLE OF LFMCW RADAR DETECTION
The common LFMCW radar uses the modulated waveform as Figure 3 shows the proposed FMCW-FSK waveform which consists of six segments in each period: segment 2 and 5 are two up ramps while segment 3 and 6 are down ones. The corresponding slopes are expressed as 1 2 3 ,, k k k and 4 k . The remaining segment 1 and 4 are two flat parts with a frequency step f  . The process of this method above is listed as below and shown Figure 4 .
Step 1: For each segment, 1024-point FFT is carried out to get a series of peak frequencies. For segment 2 and 5, the number of peak frequencies are m1 and m2 while segment 3 and 6 are n1 and n2. For segment 1 and 4, the number of peak frequencies is y. So y groups of range and velocity can be obtained.
Step 2: Then x is the maximum of m1, m2, n1, n2. If x is bigger than y, it comes to step 3-2 otherwise step 3-1.
Step 3-1: In this situation, m is the maximum of m1 and m2 while n for n1 and n2. The corresponding slopes are m k and n k . We can get mn  groups of range and velocity. And we use the y results from FSK waveform to match the mn  groups.
Step 3-2: In this situation, we match 11 mn  groups and 22 mn  groups first to get a matching result. Then we use the velocity from y results to match the matching result above. 
SIMULATION RESULTS
We assume two situations as The results of simulation are shown in Figure 5 . An imaginary line at zero velocity is used to find the fixed targets. From Figure 5 , we can see there are five targets detected in situation 1 and situation 2. The black arrows show the detected targets.
CONCLUSION
A FMCW-FSK combined waveform for multi-target detection is proposed in this work. This method takes the advantages of both FMCW waveform and FSK waveform. It reduces the number of ghost targets and missed targets with minor error and less calculation cost. The simulation results show that the real targets can be detected accurately.
